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Abstract
The nuclear motion problem of the van der Waals molecules A r-H 2 and A r-D 2 is solved variationally in a basis of coupled 
spherical harmonics and Morse-type oscillator functions. Near- and far-infrared spectra are computed ab initio from a symmetry- 
adapted perturbation theory potential calculated earlier. The resulting transition energies are found to agree with experimental 
data with an error of the order of 0.1 cm “ 1. This confirms that the potential is accurate.
1. Introduction
During the last 25 years much progress has been 
made in experimental studies of van der Waals mol­
ecules. This, in turn, catalyzed the development of 
sophisticated procedures to extract intermolecular 
potentials from the measured data [ 1-5 ]. One of the 
earliest such studies on anisotropic potentials was the 
work of Le Roy and van Kranendonk [ 5 ]. By analyz­
ing the near-infrared spectra of McKellar and Welsh 
[6], they constructed analytic potentials for A r-H 2, 
K r-H 2, and X e-H 2. Their work was later comple­
mented by Dunker and Gordon [7], who also based 
their fits on the McKellar and Welsh data. In 1980 Le 
Roy and Carley [8] published improved potentials 
and in 1987 Le Roy and Hutson [9] gave new multi- 
property fitted potentials that account for a wide va­
riety of experimental data for A r-H 2, K r-H 2, and Xe- 
H2. Important ingredients for this latter fit were new, 
highly resolved, near-infrared data of McKellar [10].
1 Permanent address: Department of Chemistry, University of 
Warsaw, Pasteura 1, 02-093 Warsaw, Poland.
Recently McKellar [11] was able to measure also the 
far-infrared spectra that are not accompanied by a vi­
brational excitation of the H2 molecule.
The same period showed advances in quantum 
chemical methodology and saw the birth of many big 
software packages. In principle, van der Waals poten­
tials may be computed by these packages via the so- 
called supermolecule approach. However, it has be­
come clear that this is easier said than done: large and 
highly polarized atomic orbital basis sets are re­
quired to describe the intermolecular correlation and 
the calculations are plagued by the basis set superpo­
sition error (BSSE). This makes such calculations 
expensive in terms of computer resources, and be­
cause of this, only a few (anisotropic) potential en­
ergy surfaces have been computed by any of the stan­
dard electronic structure packages, although many 
cuts through surfaces have been published (see ref. 
[12] for a review).
An alternative approach is the use of symmetry- 
adapted perturbation theory (SAPT), in which the 
electronic intermolecular interaction plays the role of 
the perturbation. The SAPT approach avoids the
0009-2614/94/S07.00 © 1994 Elsevier Science B.V. All rights reserved 
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BSSE problem and allows a divide and conquer strat­
egy: all physically important contributions to the po­
tential, such as electrostatics, exchange, induction, and 
dispersion are identified and computed separately. 
Since SAPT does not use the multipole expanded in­
teraction [13], all charge cloud penetration (damp­
ing) effects are automatically included. This ap­
proach dates back to 1930 [14] and was revived in 
the sixties [15-18]. Theoretical studies of the re­
quired symmetry adaptation [19-22], and of the 
convergence properties of various perturbation ex­
pansions [23-28] have shown that the symmetrized 
Rayleigh-Schródinger perturbation theory (SRS) 
[24,27], which is one of the variants of SAPT, is the 
most suitable tool for studying weak intermolecular 
interactions. After some formal work on the inclu­
sion of intramolecular correlation effects [ 29-32 ], the 
SRS perturbation theory has evolved into a viable 
computational method [33]. By making a perturba­
tion expansion in the intramolecular electronic cor­
relation as well as in the intermolecular interaction, 
it is possible to sum the correlation contributions to 
the different physical effects only as far as necessary. 
Since various contributions to the interaction energy 
show different dependence on the intermolecular 
distance R , an additional advantage is that these terms 
can be fitted separately, with adjustable and physi­
cally interpretable parameters [34-36].
The question arises how reliable this method is. The 
final judgement in this respect is by comparison with 
experiment. In this Letter, we present infrared spec­
tra of A r-H 2 and A r-D 2. From the SAPT potential 
published earlier [ 37 ] we compute the transition fre­
quencies, both in the near- and far-infrared, and 
compare those with data measured by McKellar 
[ 10, 11 ].
2. Method
We refer to ref. [37] for a detailed discussion of 
the SAPT computations. Suffice it to say that large 
spdfgh bases were used and that a full surface was ob­
tained. The angle 6 between the vector r along the H2 
bond and /?, pointing from the center of mass of H2 
towards argon, was swept. Also the H 2 bond length r 
and the intermolecular distance R  =  \ R | were varied. 
The various components of the ab initio potential
were fitted to analytic forms similar to that used to 
define the TT3 potential of Le Roy and Hutson [9] 
(see ref. [37] for details).
It is known from the earlier work on this system 
that the anisotropy in the potential is weak. In the 
limit of vanishing anisotropy the following are good 
quantum numbers: j , which corresponds to the rota­
tion of H2 in the dimer, /, which corresponds to the 
end-over-end rotation of the vector R. The total an­
gular momentum J = j + /, and is always conserved, 
due to the isotropy of space, but j  and / are broken by 
the anisotropy in the potential. However, since the 
rotational levels of the (rigid) H2 and D2 molecules 
are widely spaced (A E j= 2 ( j+  1 )B  and £ ^ 6 0  and 30 
cm -1, respectively), the mixing of states of different 
j  will be small. A degenerate ( j , /) level splits into 
sublevels J =  \ j —1\, j + /  under the influence of the 
anisotropy, but since this splitting is small in the H2-  
noble gas case, the states can still be labeled by j  and 
/.
In principle it is possible to solve a 3D dynamics 
problem, in which all three internal coordinates r, 0 
and R, are involved. However, because of the large 
vibrational splittings (^ 4 0 0 0  cm - 1 ) of H 2, the r 
stretch can be decoupled to a good approximation and 
vibrationally averaged rotational constants Bv of H2 
can be used instead (see ref. [7] for a detailed dis­
cussion of this point). As a consequence we end up 
with the Schrödinger equation,
X ' P ( R ,R , r ) =  0 ,
where R  stands for the spherical polar angles of R  with 
respect to a space-fixed frame and an analogous def­
inition holds for r. The quantity p  is the reduced mass 
of the dimer; we used the following masses [38]: 
?^?H=  1.007825 amu, w D = 2.0014 amu, and m Ar 
= 39.9627 amu. The quantity Vv is the intermolecu- 
lar potential averaged over the vibrational state v of 
H2 that we are interested in. Since Williams et al. [ 37 ] 
expanded their potential as a Taylor series in we 
could easily perform the vibrational averaging by us­
ing the accurate matrix elements of ref. [ 8 ]. We used 
the following values of the rotational constants for the 
para (even j )  H2 molecule: 59.0654, 56.1120 cm -1 , 
and for ortho: 59.2491 and 56.2930 cm - 1 for B0 and
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B u respectively. The values of B0 and B x for the ortho 
(even j )  D 2 molecule are 29.845 and 28.791 cm -1 , 
respectively. The rotational constants were obtained 
from the accurate values of rovibrational energy lev­
els of H2 and D2 [39].
The wavefunction R , R, r ) was expanded in an 
angular basis of Clebsch-Gordan coupled spherical 
harmonics, <lm r J m j \J M j} Y lmi(f i)Y jmj( r ),
with j = 0, 2, 4, 6 and j =  1, 3, 5 for para and ortho 
hydrogen, respectively, and / running consistently 
with the triangular condition | / —j  | ^  /< 7 + j .  For the 
radial basis we took Morse-type oscillator functions 
[40] characterized by three parameters: i?Morse> P and 
.v, which serve as further variational parameters. Op­
timization of the J = 0  state in a basis of 30 Morse 
functions and functions Yjmj(r)  up to 7max =  6, gave 
/?Morsc =  10.4 bohr, p =  4 and x=0.4493 bohr“ 1 for 
A r-H 2, and ^ Morse =  9.6 bohr, p = 4 and x=0.4493 
bohr- 1 for A r-D 2. All calculations were performed 
by the ATDIATSF program written in Nijmegen by 
Tennyson [41 ].
3. Results
In Table 1 we summarize the results of bound-state 
calculations for A r-H 2 0  =  0) and A r-D 2 0  =  0) com­
plexes. In the case of A r-H 2 the isotropic part of the 
potential affords only one van der Waals (stretch) 
state, but, by virtue of its larger mass, A r-D 2 has two 
such bound states. However, since there is no exper-
Table 1
Calculated energy levels (in cm“ 1) of the Ar-H2(^= 0,7 =  0) and 
Ar-D2(z;= 0 ,7=0) complexes. The second column under the Ar- 
D2 heading are excited van der Waals stretch levels
J Ar-H2 A r-D 2
0 -21.883 -28.387 -4 .134
1 -20.756 -27.752 -3 .734
2 -18.516 -26.484 -2 .942
3 -15.188 -24 .590 -1 .776
4 -10.821 -22.078 -0 .260
5 -5 .487 -18.962 + 1.571
6 + 0.685 -15.257
7 -10.987
8 -6 .183
9 -0 .888
10 -4 .828
imental information about the excited van der Waals 
stretch, its levels are not used in the calculations of 
transition energies. In accordance with earlier work, 
we also find six bound states and one quasi-bound 
state in para hydrogen, both in the lower v = 0  level 
and in the first excited v — 1 level. The quasi-bound 
state lies above the dissociation limit but below the 
centrifugal barrier. In the case of A r-D 2O = 0 ) there 
are fifteen bound states and two quasi-bound states. 
In the j — 1 manifold of A r-H 2 there are sixteen bound 
states, see Table 2. In Table 2 we see illustrated that 
states with different / are indeed split only by small 
amounts; as discussed above, the lifting of the degen­
eracy of states with different J  and the same / (and j )  
is solely due to the anisotropy in the potential.
In the presentation of the computed transition fre­
quencies we follow common spectroscopic usage in 
labeling the H2 transitions. The symbols QO) and 
SO) stand for A /=0 and A /=2 transitions, respec­
tively, that depart from a state j .  The change in the 
vibrational quantum number is indicated by a sub­
script. Thus, Q i ( l ) ,  for example, stands for a 
v = 0 - > v =  \ transition in ortho (odd j )  hydrogen in 
which the rotational state does not change.
In Table 3 we present the near-infrared transitions 
of the Qi (0) spectrum of A r-H 2, and in Table 4 we 
report the near-infrared transitions for the N 
( A / = —3) and T ( A / = + 3 )  branches of its S^O)  
band. Note that both upper states can predissociate 
vibrationally and that the second upper state can also 
predissociate rotationally. However, predissociation 
rates are so low [42] that the associated line broad- 
enings have not been observed. This also means that 
our bound state method is applicable. Table 5 gives 
the far infrared transitions of para hydrogen, Table 6 
the transitions accompanying the Qi ( 1 ) band of or-
Table 2
Calculated energy levels (in cm-1 ) of the Ar-H2(i;=0, j=  1 ) 
complex
/ 7 = / + l J= l / = / - 1
0 -22.352
1 -21.206 -19.915 -22.437
2 -18.956 -17.677 -18.883
3 -15.662 -14.355 -15.572
4 -11.246 -9 .998 -11.207
5 -5 .894 -4 .686 -5 .868
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Table 3
Near-infrared transitions in Ar-H2 (in cm - 1 ) accompanying the 
fundamental band of para-H2, Qi (0) =  4161.166 cm-1
J" I" J' r AE(J"->J') 
calculated observed a
A
0 0 1 l 4161.332 4161.256 + 0.076
1 1 2 2 4162.424 4162.337 +  0.087
2 2 3 3 4163.482 4163.400 + 0.082
3 3 4 4 4164.489 4164.417 + 0.072
4 4 5 5 4165.426 4165.365 + 0.061
5 5 6 6 4166.254 4166.215 + 0.039
1 1 0 0 4159.089 4159.001 + 0.088
2 2 1 1 4157.964 4157.880 + 0.084
3 3 2 2 4156.857 4156.776 + 0.081
4 4 3 3 4155.787 4155.740 + 0.047
5 5 4 4 4154.788 4154.760 + 0.028
6 6 5 5 4153.920 4153.932 -0 .012
a The experimental uncertainty is 0.02 cm-1 [10].
Table 4
Near-infrared transitions in Ar-H2 ( in cm - 1 ) accompanying the 
fundamental band of para-H2, Si (0) =4497.838 cm-1
J" I" J' r AE(J"-+J')
calculated observed a
A
0 0 1 3 4502.394 4502.486 -0 .092
1 1 2 4 4505.759 4505.815 -0 .056
2 2 3 5 4508.902 4508.940 -0 .037
3 3 4 6 451 1.796 451 1.825 -0 .029
4 4 5 7 4514.280 4514.304 -0 .024
3 3 2 0 4489.840 4489.847 -0 .007
4 4 3 1 4486.472 4486.513 -0.041
5 5 4 2 4483.301 4483.363 -0 .062
6 6 5 3 4480.396 4480.496 -0 .100
a The experimental uncertainty is 0.02 cm“ 1 [10].
tho hydrogen and Tables 7-9 pertain to A r-D 2. (Note 
that in ref. [10] the assignments for the R branch of 
the Q i (0) spectrum of A r-D 2 and the T branch of its 
S j (0) band contain typographical errors [43]. )  An 
inspection of Tables 3-9 shows that the SAPT poten­
tial [37] produces accurately transition frequencies 
for both the Qj (J) and S„(0) bands: typical errors A 
are of the order of 0.1 c m '1.
Since the wavefunction of H2 in the j —0 state is 
spherically symmetric, its energy is perturbed in first 
order only by the isotropic part of the intermolecular 
potential. This implies that Q y(0) transitions probe
Table 5
Far-infrared transitions in Ar-H2 (in cm-1 ) accompanying the 
A/=2 band of para-H2, So(0) =  354.392 cm-1
j"  r  j '  r  a E{j"-> j') a
calculated observeda
0 0 1 3 360.183 360.155 +  0.028
1 1 2 4 363.545 363.484 +  0.061
2 2 3 5 366.709 366.618 +  0.091
3 3 4 6 369.618 369.501 +  0.117
4 4 5 7 372.065 371.884 +  0.181
3 3 2 0 347.482 347.454 +  0.028
4 4 3 1 344.142 344.1 18 +  0.024
5 5 4 2 341.047 340.993 +  0.054
6 6 5 3 338.251 338.135 +  0.116
a Typical experimental uncertainty is 0.003 cm '[ 1 1 ] .
Table 6
Near-infrared transitions in Ar-H2 ( in cm - 1 ) accompanying the 
fundamental band of ortho-H2, Q, ( 1 ) =4155.254 cm-1
J" I" J' 1' AE{J"-+J') 
calculated observed a
A
1 0 2 3 4161.018 4160.825 + 0.193
2 1 3 4 4164.182 4164.028 + 0.154
3 2 4 5 4167.229 4167.098 + 0.131
4 3 5 6 4170.062 4169.951 + 0.111
5 4 6 7 4172.488 4172.372 + 0.116
2 3 1 0 4147.314 4147.525 -0.211
3 4 2 1 4144.131 4144.285 -0 .154
4 5 3 2 4141.043 4141.177 -0 .134
5 6 4 3 4138.174 4138.315 -0.141
6 7 5 4 4135.808 4135.960 -0 .152
a The experimental uncertainty is 0.02 cm-1 [10].
mainly this part of the potential and its r depen­
dence. The levels with higher j  are perturbed in first 
order also by the anisotropic part of the potential, so 
that the Q^O ) and SV(J) transitions give information 
about the anisotropy in the interaction. The good 
agreement between theory and experiment suggests 
that not only the dominant isotropic part of the SAPT 
potential, but also its dependence on the diatom 
stretching distance and the weak anisotropic term are 
accurate.
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Table 7
Near-infrared transitions in A r-D 2 (in cm- 1 ) accompanying the 
fundamental band of ortho-D2, Qi (0) =2993.614 cm-1
J" /" J' /' AE{J"-*J')
calculated observed a
A
1 1 2 2 2994.117 2994.042 + 0.075
2 2 3 3 2994.728 2994.659 + 0.069
3 3 4 4 2995.326 2995.287 + 0.039
4 4 5 5 2995.908 2995.835 +  0.073
5 5 6 6 2996.470 2996.402 + 0.068
6 6 7 7 2997.009 2996.952 + 0.051
7 7 8 8 2997.517 2997.475 + 0.042
8 8 9 9 2997.986 2997.995 + 0.031
9 9 10 10 2998.339 2998.375 + 0.024
2 2 1 1 2991.592 2991.542 + 0.050
3 3 2 2 2990.955 2990.904 + 0.051
4 4 3 3 2990.322 2290.297 + 0.025
5 5 4 4 2989.698 2989.690 +  0.008
6 6 5 5 2989.087 2989.080 +  0.007
7 7 6 6 2988.496 2988.549 -0 .053
8 8 7 7 2987.935 2987.977 -0 .053
9 9 8 8 2987.419 2987.485 -0 .066
10 10 9 9 2986.976 2987.040 -0 .064
a The experimental uncertainty is 0.02 cm '[ 1 0 ] .
Table 8
Near-infrared transitions in A r-D 2 ( in cm- 1 ) accompanying the 
fundamental band of ortho-D2, S |(0 ) =  3166.359 cm-1
J" /" J' /' AE{J"-*J') 
calculated observed 0
A
1 1 2 4 3170.335 3170.290 + 0.045
2 2 3 5 2172.221 3172.159 + 0.062
3 3 4 6 3174.038 3173.986 + 0.052
4 4 5 7 3175.790 3175.725 +  0.065
5 5 6 8 3177.470 3177.387 +  0.084
6 6 7 9 3179.059 3178.964 +  0.095
7 7 8 10 3180.525 3180.418 +  0.107
8 8 9 11 3181.797 3181.676 + 0.121
9 9 10 12 3182.704 3182.640 + 0.064
3 3 2 0 3161.352 3161.350 + 0.002
4 4 3 1 3159.449 3159.472 -0 .023
5 5 4 2 3157.612 3157.585 + 0.027
6 6 5 3 3155.868 3155.768 + 0.100
7 7 6 4 3153.806 3153.995 -0 .186
8 8 7 5 3152.336 3152.290 + 0.046
9 9 8 6 3150.829 3150.629 + 0.137
10 10 9 7 3149.147 3149.246 -0 .099
a The experimental uncertainty is 0.02 cm ‘ [10].
Table 9
Far-infrared transitions in Ar-D2 (in cm-1 ) accompanying the 
A/=2 band of ortho-D2, So(0) =  179.069 cm-1
J" I" J ' /' AE{ J" - J ' )  
calculated observeda
A
1 1 2 4 183.913 183.875 + 0.038
2 2 3 5 185.822 185.749 +  0.073
3 3 4 6 187.666 187.560 + 0.106
4 4 5 7 189.447 189.331 + 0.116
5 5 6 8 191.154 191.004 +  0.150
6 6 7 9 192.765 192.598 + 0.167
7 7 8 10 194.241 194.055 + 0.186
8 8 9 11 195.491 195.257 + 0.234
3 3 2 0 174.844 174.903 -0 .059
4 4 3 1 172.911 172.995 -0 .0 8 4
5 5 4 2 171.032 171.140 -0 .108
6 6 5 3 169.202 169.323 -0.121
7 7 6 4 167.431 167.589 -0 .158
8 8 7 5 165.734 165.900 -0 .166
9 9 8 6 164.138 164.326 -0 .188
10 10 9 7 162.688 162.895 -0 .207
a The experimental uncertainty is 0.015 cm '[ 1 1 ] .
4. Conclusion
Looking at Tables 3-9, where we compare with the 
unadorned, directly measured, transitions [10,11], 
we conclude that SAPT achieves spectroscopic accu­
racy. Most of the differences between theory and ex­
periment are less than 0.1 cm -1 and only for a few 
spectral lines we find an error of ^0 .2  cm “ 1. It is 
gratifying to observe such good agreement between 
the results of ab initio calculations and high-resolu- 
tion measurements. In this connection we reiterate 
that frequencies under the heading ‘calculated’ are 
completely ab initio. The only outside information 
used pertains to the H 2 and D2 monomers. It consists 
of the origins of the fundamental bands, rotational 
constants of these monomers, and a few vibrational 
matrix elements, most of them also computed ab in­
itio from high-accuracy potential energy curves of the 
H 2 molecule [39,44].
Acknowledgement
We thank Dr. A.R.W. McKellar for providing us 
with his unpublished far-infrared spectra and Profes-
166 R. Moszynski et al. /  Chemical Physics Letters 221 (1994) 161-166
sor Wfodzimierz Kolos for sending us his unpub- i22 
lished results for the H 2 molecule. We also thank
References
[23
Krzysztof Szalewicz for reading and commenting on 
the manuscript. This work was partly supported by 
the Netherlands Foundation of Chemical Research [24 
(SON) and partly by the Polish Scientific Council 
(grant KBN 2 0556 91 01 ).
[26
[27
[29
[30
[31
[32
[33
[34
[ 1 ] J.M. Hutson, J. Chem. Phys. 96 (1992) 6752. p g
[2] D.J. Nesbitt, M.S. Child and D.C. Clary, J. Chem. Phys. 90
(1989) 4855.
[3] R.C. Cohen and R.J. Saykally, J. Chem. Phys. 98 (1993)
6007.
[4] L.A. Viehland and S.L. Lin, Chem. Phys. 43 (1979) 135.
[5] R.J. Le Roy and J. van Kranendonk, J. Chem. Phys. 61 
(1974)4750.
[6 ] A.R.W. McKellar and H.L. Welsh, J. Chem. Phys. 55 (1971 )
595.
[7] A.M. Dunker and R.G. Gordon, J. Chem. Phys. 68 ( 1978)
700.
[ 8 ] R.J. Le Roy and J.S. Carley, Advan. Chem. Phys. 42 (1980)
353.
[9] R.J. Le Roy and J.M. Hutson, J. Chem. Phys. 86 ( 1987)
837.
[10] A.R.W. McKellar, Faraday Discussions Chem. Soc. 73 
(1982)89.
[11] A.R.W. McKellar, unpublished results; in: AIP Conference 
Proceedings 216. Spectral line shapes, Vol. 6, eds. L. [35 
Frommhold and J.W. Keto (American Institute of Physics,
New York, 1990), p. 369; Faraday Discussions Chem. Soc., [ 3 6  
in press.
[ 12] G. Chalasinski and M.M. Szczesniak, to be published. [ 3 7
[13] A. van der Avoird, P.E.S. Wormer, F. Mulder and R.M.
Bems, Topics Current Chem. 93 (1980) 1. r 3 3
[ 14 ] R. Eisenschitz and F. London, Z. Physik 60 (1930) 491.
[15] J.O. Hirschfelder and R. Silbey, J. Chem. Phys. 45 (1966)
2188.
[16] J.I. Musher and A.T. Amos, Phys. Rev. 164 (1967) 31.
[17] J.N. Murrell and G. Shaw, J. Chem. Phys. 46 (1967) 46.  ^  ^
[ 18 ] A. van der Avoird, J. Chem. Phys. 47 (1967) 3649. ^ 2  
[ 19 ] B. Jeziorski and W. Kolos, Intern. J. Quantum Chem., Suppl.
1, 12 (1977) 91;
K. Szalewicz and B. Jeziorski, Mol. Phys. 38 (1979) 191.
[20]D .M .Chipm an,J. Chem. Phys. 6 6  (1977) 1830. t 4 3
[21]W.H. Adams and E.E. Polymeropoulos, Phys. Rev. A 17
(1978) 1 1, 18, 24. [44
[39
[40
B. Jeziorski and W. Kolos, in: Molecular interactions, Vol. 
3, eds. H. Ratajczak and W.J. Orville-Thomas (Wiley, New 
York, 1982) p. 1.
G. Chalasinski, B. Jeziorski and K. Szalewicz, Intern. J. 
Quantum Chem. 11 (1977) 247.
B. Jeziorski, K. Szalewicz and G. Chalasinski, Intern. J. 
Quantum Chem. 14 (1978) 271.
B. Jeziorski, W.A. Schwalm and K. Szalewicz, J. Chem. Phys. 
73 (1980) 6215.
T. Cwiok, B. Jeziorski, W. Kotos, R. Moszynski, J. 
Rychlewski and K. Szalewicz, Chem. Phys. Letters 195
(1992) 67.
T. Cwiok, B. Jeziorski, W. Kolos, R. Moszynski and K. 
Szalewicz, J. Chem. Phys. 97 (1992) 7555.
T. Cwiok, B. Jeziorski, W. Kolos, R. Moszynski and K. 
Szalewicz, J. Mol. Struct. THEOCHEM, in press.
S. Rybak, B. Jeziorski and K. Szalewicz, J. Chem. Phys. 95 
(1991 ) 6576.
R. Moszynski, B. Jeziorski, A. Ratkiewicz and S. Rybak, J. 
Chem. Phys. 99 (1993) 8856.
R. Moszynski, S.M. Cybulski and G. Chalasinski, J. Chem. 
Phys. 100 (1994), in press.
R. Moszynski, B. Jeziorski and K. Szalewicz, J. Chem. Phys. 
100 (1994) 1312;
R. Moszynski, B. Jeziorski, S. Rybak, K. Szalewicz and H.L. 
Wiliams, J. Chem. Phys. 100 (1994), in press.
B. Jeziorski, R. Moszynski, A. Ratkiewicz, S. Rybak, K. 
Szalewicz and H.L. Williams, in: Methods and techniques 
in computational chemistry: METECC94, Vol. B. Medium- 
size systems, ed. E. Clementi (STEF, Cagliari, 1993) p. 79. 
W. Rijks and P.E.S. Wormer, J. Chem. Phys. 8 8  (1988) 
5704.
P.E.S. Wormer and H. Hettema, J. Chem. Phys. 97 (1992) 
5592.
P.E.S. Wormer and H. Hettema, Polcor package (Nijmegen 
1992).
H.L. Williams, K. Szalewicz, B. Jeziorski, R. Moszynski and 
S. Rybak, J. Chem. Phys. 98 ( 1993) 1279.
R.C. Weast and M.J. Asth, eds., Handbook of chemistry and 
physics (CRC Press, Boca Raton, 1981).
L. Wolniewicz, J. Chem. Phys. 99 (1993) 1851.
J. Tennyson and J. Mettes, Chem. Phys. 76 (1983) 195.
J. Tennyson, Computer Phys. Commun. 29 (1983) 307. 
R.J. Le Roy, in: ACS Symp. Ser. No. 263. Resonances in 
electron-molecule scattering, van der Waals complexes and 
reactive chemical dynamics, ed. D.G. Truhlar (American 
Chemical Society, Washington, 1984) p. 231.
R.J. Le Roy and J.M. Hutson, University of Waterloo 
Chemical Physics Research Report CP-287 (1986).
W. Kolos and L. Wolniewicz, J. Chem. Phys. 49 (1968) 404.
